H is was a d istin g u ish e d p aren tag e of w hich m u ch is* know n. U lf 's fath e r was a relatively recen t im m ig ra n t into Sw eden fro m G e rm a n y at th e tim e of U lf 's b irth ; his m o th e r cam e from a fam ily estab lish ed in S w eden. H an s von E u le r-C h e lp in was b o rn in A u g sb u rg , w h ere som e of his an cesto rs had been settled for g en eratio n s. I learn from U lf's h a lf-b ro th e r, P ro fesso r C u rt von E uler, th a t the fam ous eig h teen th c e n tu ry m ath e m a tic ia n L e o n a rd E uler, F .R .S ., was a m em b e r of the sam e fam ily. L e o n a rd 's g ra n d fa th e r was th e ir com m on ancestor. (T h e p rese n t day Sw iss are fam iliar w ith L e o n a rd E u le r's features, because he can be seen on th e ir ten francs ban k n o tes.) D r F. W . E u ler of B ensheim , G e rm a n y , genealogist and archivist, has kindly p ro v id ed m e w ith a fam ily tree of th e E u le r fam ily. F ro m th is we learn th a t H an s von E u le r's p atern al ancestors cam e originally from the tow n of L in d a u , on L ake C o n stan ce, from w here they m oved to Basel, acq u irin g Sw iss n a tio n ality, b u t a few gen eratio n s later they again m oved to G erm an y , m ainly to the P alatin ate and su b seq u e n tly to o th er p a rts th a t now form Bavaria. T h e E u lers w ere, by tra d itio n , of P ro te sta n t faith, and m any en tered the service of th e C h u rc h , as p reach ers in the tow ns and as m in isters of c o u n try parishes. O th e rs fou n d o ccupations in the g o v ern m en t of th eir native cities. H ans von E u le r's m atern al ancestors include a line th at cam e from th e Val d 'A osta in Italy. A fter the fo rm ation of the K ingdom of B avaria in the early 19th c e n tu ry m any en tered the civil and m ilitary service of the K in g d o m .
It w as U lf 's g re a t-g ra n d fa th e r, K a rl F elix E d u a rd E u le r (18 0 9 -1 9 0 0 ), w ho was en n o b le d in 1884 a n d h a d th e nam e C h e lp in ad d ed . N e ith e r H a n s n o r U lf von E u le r m ad e use o f th is a d d itio n in th e ir scientific p u b lic a tio n s. K a rl von E u le r, at th a t tim e an officer in th e a rtillery , had a c co m p an ied P rin c e O tto o f B avaria w h e n th e la tte r b ecam e th e first K in g of G reece and served for a n u m b e r o f years in th e G re e k arm y , b u t he e v en tu ally re tu rn e d to B avaria. H is son, R igas S eb astian G e o rg von E u le r-C h e lp in , U lf 's g ra n d fa th e r, b ecam e a gen eral in th e B avarian A rm y. H a n s von E u le r h ad stu d ie d c h e m istry in G e rm a n y a n d h ad been a ttra c te d to th e new ly d ev elo p in g field of physical c h e m istry . H e h ad w o rk ed w ith W . H . N e rn s t, in G o ttin g e n , an d in 1899 he m oved to S to ck h o lm , as an a ssista n t to S v an te A rrh e n iu s w ho b ecam e U lf 's g o d fath e r. H an s von E u le r-C h e lp in becam e a w ell-k n o w n b io ch e m ist, a prolific a u th o r of scientific p ap ers, w ho w as aw ard ed th e N o b e l P rize for C h e m istry in 1929 for his w ork on co-zym ase, jo in tly w ith A rth u r H a rd e n . H e e sta b lish e d a large and d istin g u ish e d S chool of B io ch em istry in S to ck h o lm th a t b ecam e a c e n tre of a ttra c tio n for m an y scien tists from a b ro a d , especially fro m G e rm a n y . H e becam e an H o n o ra ry M e m b e r of the Royal In s titu tio n o f G re a t B ritain . H e n e v e r en tirely severed his links w ith th e c o u n try o f his b irth ; in W o rld W a r I he was a p ilo t in th e G e rm a n air force. U lf 's m o th e r, A strid C leve (1 875-1968) , was b o rn in U p p sa la in S w eden. She b ecam e a scien tist and jo in e d h e r h u sb a n d in his research. T h e y w ere m a rrie d in 1902 and h ad five c h ild re n . U lf, b o rn in 1905, was th e ir second son. T h e m arriag e was dissolved in 1912.
A strid C le v e 's fath e r was P e r T e o d o r Cleve (1840 Cleve ( -1905 , w ho becam e P ro fesso r of C h e m istry at th e U n iv e rsity o f U p p sala. In S w eden th ro u g h o u t th e 19th c e n tu ry th e re had been m u ch in te re st in th e c h e m istry o f th e rare ea rth s, and C lev e's in te rests in th a t field w ere cro w n ed by th e discovery, in 1879, o f tw o new elem en ts to w hich he gave th e n am es h o lm iu m and th u liu m . I t was for his w ork on th e rare e a rth s th a t in 1894 he was aw ard ed th e D avy M ed al of th e R oyal S ociety and w as, acco rd in g to his b io g ra p h e r, th e first Sw ede to receive th a t h o n o u r.
By th a t tim e, how ever, C lev e's research in te rests had m oved to a new and e n tirely differen t field. H e was now w ork in g on th e org an ism s to be fo u n d in m arin e p lan k to n , and especially those of his native w aters. T o q u o te his b io g rap h er: 'H is idea th a t d iato m s m ade good index fossils was fu rth e r stated in the h y p o th esis th a t th e stream s and oceans could be c h a racterized by th e p lan k to n they tra n s p o rt and, conversely, th ro u g h the existence o f th e ty p e o f p lan k to n one can d e te rm in e th e o rigin of the stream . H is m ain w ork on th is su bject, The seasonal distribution of A tlantic plankton organisms, is a basic tex t o f o c e an o g ra p h y ' (B o rk lu n d
1971).
A s trid C le v e -E u le r c o n tin u e d to w ork in th e field of h e r f a th e r 's rese a rc h in te re sts. A m o n o g ra p h she w ro te in 1932, 'D ie K ieselalgen des T a k e rn s e e s in S c h w e d e n ', c o n ta in s a d e d ic a tio n to h e r fath e r. S he was still active in th is sam e field at an ad v an ced age, an d p u b lish e d , u n d e r the au sp ices of th e S w ed ish A cad em y o f S ciences, a m o n o g ra p h 'D ie D ia to m e e n von S c h w e d e n u n d F in la n d ', b e tw e en 1952 and 1955. E a r l y l i f e A fter U lf 's p a re n ts w ere d iv o rc e d A strid C le v e -E u le r ta u g h t in a school in S to c k h o lm (P ro fe sso r C. R. S k o g lu n d tells m e th a t his sister re m e m b e rs h e r as an o u tsta n d in g and belo v ed tea c h e r). D u rin g this p e rio d , 1912-18, th e c h ild re n all stayed at a farm o u tsid e th e city, cared for by a n u rse in th e ir m o th e r 's absence. T h e p e rio d o f W o rld W a r I was a tim e of food scarcity in S w eden also, and d u rin g th e w e e k -en d s A strid w as h a rd at w ork in h e r g a rd e n to grow food for th e fam ily. In 1918 they all m o v ed to U d d e h o lm in V a rm la n d , w here she becam e th e head of a research lab o ra to ry , and th ere food was m o re p len tifu l. U lf w en t to school in th e to w n of K a rlsta d in V arm lan d .
W h e n he w as sev en teen he b ecam e a s tu d e n t in S to ck h o lm , read in g m edicine; he th e n lived w ith his fath e r. T h is m u st have b een in 1922.
M y ow n first m ee tin g w ith U lf w as w hile he w as a m edical stu d e n t. T h is w as in th e su m m e r of 1926, on the occasion of th e T w e lfth In te rn a tio n a l Physiological C o n g ress, held at S tockholm . W e sat to g e th e r on th e ste a m er going o u t on the C ongress ex cu rsio n to the seaside reso rt of S a ltsjo b ad e n (this was on 5 A u g u st 1926). H e to ld m e th a t he was already do in g research, w o rk in g in th e lab o ra to ry of G . A h lg ren in the In s titu te of P hysiology at th e U n iv e rsity of L u n d , stu d y in g the tissue re sp ira tio n of m in ced m uscle by using A h lg re n 's a d a p ta tio n of the m eth y le n e blu e te c h n iq u e of T h u n b e rg . W e h ad a little discussion ab o u t th e m e rits of th e m eth y le n e blu e m eth o d : as a loyal m e m b e r of the D a h le m School I was a little critical of T h u n b e r g 's m eth o d . U lf d efended the m e th o d , and we h ad a very p leasan t couple of h o u r s ' co n v ersation on b o a rd th e steam er.
A fter su ch a long lapse of tim e I find it difficult to get satisfactory c o rro b o ra tio n of U lf's stay at L u n d , w hich m ay be because it was a p a rttim e o ccu p atio n of his. H ow ever, th e w ork th a t he d escrib ed to m e at the tim e, and several later p ap ers p u b lish e d in the Skandinavisches Archiv fu r Physiologie carry the In s titu te of Physiology at L u n d as th e place of origin.
F ro m m y ow n experience th ere , I can say th a t th e S tockholm C ongress of 1926 m u st have been an im p o rta n t form ative event in his life. H e m u st have b een able to m eet all the g reat physiologists of th e tim e, in clu d in g I. P. Pavlov, F o r.M e m .R .S ., E. H . S tarlin g , F .R .S ., and Jo sep h B arcroft, F .R .S . T h e re was also th e exciting d e m o n stra tio n by O tto L oew i of his ' Vagusstojf' in the fro g 's h e a rt, and of its release even in th e a tro p in iz e d heart.
In his a u to b io g rap h ic al sketch in th e A nnual Review of Pharmacology of 1971 (32),* he d escrib es som e of th e influences th a t d e te rm in e d his scientific career w hen he was y o ung. H e ow es m u ch to his fath e r, and from his list of p u b lic a tio n s one can see th a t th ey p u b lish e d a n u m b e r of jo in t p ap ers, th e first of these (1), fro m 1922, was U lf 's first p a p e r, w h en he was only seventeen. T h e re is also a p a p e r fro m 1940, on the p h arm aco lo g y of co-zym ase, th e su b sta n c e isolated by H a n s von E u le r (16), and one fro m 1945, on p -am in o b en z o y lch o lin e (18), and a last one from 1946 (24) .
T h e o th e rs th a t E u le r singles o u t as m en w ho h ad an im p o rta n t fo rm ativ e influence on h im in his early days w ere R. F a h rae u s, th e w ellknow n haem ato lo g ist, and G . L ilje stra n d , w ell-k n o w n to all B ritish physiologists, in w hose lab o rato ry U lf w orked for m an y years and w h o m he even tu ally succeeded. H e also reco rd s his in d e b te d n e ss to th e late H u g o T h e o re ll ( O f all these it m u st have been G o ra n L ilje stra n d w ho e x e rted th e stro n g e st influence on him . T h e y p u b lish e d m any jo in t p a p e rs (2, 3 ,4 ), and th o se w ho knew L ilje stra n d find it easy to u n d e rs ta n d th a t he im p a rte d som e of his e n th u sia sm for research and discovery to his y o u n g e r colleague. W h en L ilje stra n d died, U lf succeeded h im also as th e E d ito r-in -C h ie f of A cta Physiologica Scandinavica. E u le r w ro te a b e a u ti ful o b itu a ry of his frie n d in the Acta. In it he u n d e rlin e s the p a rt played by L ilje stra n d in the origins a n d early days of the A cta. T h is sto ry has som e relevance to E u le r's ow n a ttitu d e . In the first decades of th e tw e n tie th c e n tu ry S w edish science h ad stro n g links w ith G e rm a n y . T h e Skandinavisches A rchiv furPhysiologie was p u b lish e d in G e rm a n y , G e rm a n . As th e political situ a tio n in E u ro p e d e te rio ra te d in the 1930s, S can d in av ian scientists, G . L ilje stra n d in p a rtic u la r, began to w orry a b o u t the d ep en d en ce on th e G e rm a n p u b lish in g houses. T h is ev entually led to th e dem ise of the Skandinavisches , and to the fo u n d atio n of a new jo u rn a l, the A c t a, w hich was p u b lish e d in S tockho h ap p e n ed in 1940. A lth o u g h E u le r's first pap ers in th e new jo u rn a l w ere still in G e rm a n he soon sw itched to E nglish. T h ro u g h o u t his life E u ler occasionally p u b lish e d p ap ers in G e rm a n , b u t m o st of his o u tp u t from th en on was in E nglish. It is of in te re st to note in E u le r's acco u n t th a t he so fully identified h im self w ith L ilje s tra n d 's aim s. N o t only did he becom e L ilje stra n d 's successor as E d ito r-in -C h ie f, b u t his wife was secretary for the A cta, a p ost from w hich she retire d only q u ite recently.
In ad d itio n to th e early influences ex erted by E u le r's S w edish teachers, his scientific outlook and his experience w ere decisively shaped by a
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n u m b e r of jo u rn e y s to lab o ra to rie s ab ro ad ; m o st of th ese w ere sp o n so re d by th e R ockefeller F o u n d a tio n .
T h e first of th ese trip s w as a stay at S ir H e n ry D a le 's lab o ra to ry at H a m p ste a d ; m o re o f th is will be said below . T h is visit to H a m p ste a d , fro m J u n e to D e c e m b e r 1930, was im m ed ia te ly follow ed by tw o m o n th s in th e D e p a rtm e n t o f P hysio lo g y at B irm in g h am U n iv e rsity w h ere his h o st w as I. de B u rg h D aly, w ho w ro te a very fav o u rab le re p o rt on E u le r's w ork a n d his ab ilities. F ro m B irm in g h am he p ro ce e d e d to th e lab o rato ry of th e late P ro fe sso r C. H e y m a n s at G h e n t. A c c o rd in g to th e R ockefeller A rch iv es, he stay ed w ith H e y m a n s fro m A pril to N o v e m b e r 1931. M an y years later, in 1972, he was in v ited to give th e first H e y m a n s M em o rial L e c tu re at G h e n t; in th is lectu re he acknow ledged his in d e b te d n e ss to H e y m a n s as a g reat sc ie n tist and an in sp irin g leader in research. A c c o rd in g to th e R ockefeller A rchives, this first extensive stay ab ro ad was c o m p le te d by a th re e m o n th stay in the lab o ra to ry of P ro fesso r G . E m b d e n at F ra n k fu rt a .M . I t seem s th a t no p u b lic a tio n u n d e r U lf 's nam e re su lte d fro m his stay in F ra n k fu rt. H ow ever, I owe to P ro fesso r H . J. H o h o rs t, of th e G u s ta v -E m b d e n Z e n tru m at th e J o h a n n W olfgang G o e th e -U n iv e rsita t at F ra n k fu rt, th e follow ing passage, taken from a lectu re given in W ie sb a d en on 11 A p ril 1932, at a jo in t m eetin g of the G e rm a n S ociety for In te rn a l M e d ic in e and th e G e rm a n P harm acological Society. T h is lectu re, by G . E m b d e n , e n title d 'U b e r K re isla u fw irk u n g e n K o rp e re ig e n e r S u b s ta n z e n ', co n tain s th e passage:
'D u rc h U n te rs u c h u n g e n an den en U lf von E u ler, G e rt K ra ft, M a rg . L e h n a rtz u n d S chaffner b eteilig t sind, stellten w ir fest, dass d e r D e sa m in ie ru n g d e r p h o sp h o ry lie rte n A d e n y lsau re v e rb in d u n g en w en ig sten s u n te r den von uns g ew ahlten B ed in g u n g en die F re ilegung d e r A d en y lsau re u n te r A b sp a ltu n g d e r locker g e b u n d e n en P h o sp h o rsa u re v o rau sg eh t. A d e n o sin trip h o sp h o rsa u re u n d H erzn u k leo tid scheinen d e m e n tsp re c h e n d ihre ch arak teristisch e H erzw irk sam k eit nach vorg an g ig er A b sp a ltu n g d e r locker a n h aften d en P h o sp h o rsa u re zu e n tfa lte n '.
T h e q u o ta tio n show s th a t U lf was w orking in a field th a t was closely related to his earlier experience in D a le 's laboratory.
A lto g eth e r, this also m u st have been a very stim u la tin g perio d as E u le r's stay co incided w ith E m b d e n 's early w ork on w hat is generally know n as the 'E m b d e n -M e y e rh o f' p athw ay of c a rb o h y d ra te breakdow n. T h is first R ockefeller F ellow ship cam e to an end on 25 Ja n u ary 1932.
E u le r's second fellow ship was d u e to L ilje stra n d 's initiative. L iljestra n d was aw are of th e fact th a t openings in pharm acology w ere scarce in S w eden, and he believed th a t E u ler w ould have a g reater chance of p ro m o tio n in physiology. H e th erefo re suggested th a t E u ler should b ro ad e n his experience in this field. A ccordingly, L ilje stran d sent him to w ork w ith A. V. H ill, F .R .S ., at U n iv e rsity C ollege L o n d o n , w here he T h e re is one in te re stin g o c c u rre n ce d e scrib ed in th e R ockefeller A rchives: w hile he w as w o rk in g w ith A. V. H ill, in A p ril 1934, he w as a p p ro a c h e d by G . H . R. P lanck a n d o th e rs in G e rm a n y 'w ith th e view of b e c o m in g M in is te r of S cience in th e R e ic h '. (G e h e im ra t P lan ck m u st have b een M ax P lan ck , F o r.M e m .R .S .) H e sta te d th a t he was d e b a tin g th e m a tte r in his m in d , b u t u n d e r no c irc u m stan c e s w o u ld he w an t to give up his scientific w ork co m p letely . T h e R ockefeller F o u n d a tio n to ld h im th a t th is was a m a tte r for h im to m ake u p his m in d about; th ey co uld n o t give any advice. F o rtu n a te ly fo r science, th is w as th e last th a t \#as h e a rd a b o u t th e in cid e n t, b u t it does show th e esteem in w h ich he was already held w h en he w as still in his tw en ties.
B efore th e o u tb re a k o f W o rld W a r II E u le r h a d one fu rth e r o p p o r tu n ity o f c o m in g to E n g la n d u n d e r th e auspices of th e R ockefeller F o u n d a tio n to w ork again in S ir H e n ry D a le 's lab o ra to ry at H a m p ste a d . H e was th e re for five m o n th s, fro m th e b e g in n in g of S e p te m b e r 1937 u n til th e e n d of J a n u a ry 1938. T h e o u tco m e of his stay was a p a p e r (13) on th e actions of ad re n a lin e , acetylcholine and o th e r su b stan ces on th e n e rv e -fre e blood vessels of th e h u m a n placen ta, b u t m o st o f his tim e seem s to have b een sp e n t in c o lla b o ra tio n w ith G . L . B row n, th a t led to a p a p e r (14) in th e Journal of Physiology on th e after-effects of a te ta m am m a lia n m uscle. By th e tim e of his re tu rn to E n g la n d , th e stu d y of tra n sm issio n in v o lu n ta ry m uscle h ad becom e th e m ain research in te rest of D a le 's lab o rato ry . T h e o u tb re a k of W o rld W a r II p u t an e n d to any plan s for foreign travel, b u t soon afte r th e e n d of th e w ar E u le r had one m o re p ro lo n g e d stay as a v isito r to a fam ous lab o rato ry . T h is tim e his h o st w as P ro fesso r B. H o u ssay , F o r.M e m .R .S ., in his lab o ra to ry at B uenos A ires. By th is tim e E u le r was estab lish ed as an in te rn atio n a l rese a rc h e r of d istin ctio n , and he b ro u g h t to his colleagues in A rg e n tin a his know ledge o f n o r ad ren alin e, w h ich will be discu ssed later. H is m ain c o lla b o ra to r in H o u ssa y 's in stitu te was E. B ra u n -M e n e n d e z , w ith w h o m he p u b lish e d several pap ers. E u le r's relatio n w ith his frie n d s an d colleagues in L a tin A m erica rem a in e d close and he reta in e d these co n tacts after his re tu rn to S w eden. W h ile he was in B uenos A ires, he took lessons in S p an ish , and his tea c h e r re p o rts th a t she never h ad a p u p il w ho was so quick to learn. H o w ev er, it w as a n o th e r line of research, c arried o u t in D a le 's lab o ra to ry , also in co llab o ratio n w ith G a d d u m , th a t was to prove of the g rea test im p o rta n c e for E u le r and his fu tu re w ork. T h is also arose from an in te re st in acetylcholine. It was the fact th a t stim u la tio n of the vagus n erv e resu lte d in an a tro p in e -re s ista n t c o n tra ctio n of th e lo n g itu d in al m uscle of th e g u t th a t led E u le r and G a d d u m to p rep a re tissue extracts fro m in testin e. In these ex tracts th ey discovered a su b stan ce th a t caused an a tro p in e -re s ista n t co n tra ctio n of the in te stin e and th a t also caused v asodilation. T h e y show ed th a t th is m aterial differed from acetylcholine and fro m all o th e r p harm acologically active agents th a t w ere know n at the tim e. T h e y also discovered the sam e su b stan ce in ex tracts of b rain tissue. It m ig h t be m en tio n e d th a t one of the o th e r su b stan ces th a t they tested was co-zym ase, th e c o m p o u n d stu d ie d by E u le r's father, w ho had ju st received th e N o b el Prize for his w ork.
O n read in g the p a p e r by E u ler & G a d d u m (5) after a span of over 50 years, one is stru c k by the clear and precise d e scrip tio n of th e ir o b serv atio n s. A lso, th e ir conclusions have stood the test of tim e. It w ould be u n p ro fita b le to sp ecu late on th e in d iv id u al c o n trib u tio n s of th e tw o a u th o rs. G a d d u m was m o re sen io r as a research er; he h ad already sp e n t several years in D a le 's lab o rato ry . B oth reta in e d for th e re m a in d e r of th e ir lives th e ir in te re st in the su b sta n c e th a t th ey had jo in tly d iscovered. G a d d u m , to g e th e r w ith H . O. S ch ild , was resp o n sib le for giving it a nam e; this was chosen q u ite a rb itra rily : the le tte r P was w ritte n on the label of th e c o n ta in e r of the active m aterial th a t G a d d u m & S ch ild (1934) used in th e ir stu d y .
In th e G a d d u m archives th ere is a le tte r from E u ler, d a te d S to ck h o lm , 5 A u g u st 1932, w ritte n in a lig h t-h e a rte d ho lid ay sp irit, w here he says: 'T h e re is a lot of fish and in stead of w ork in g h a rd w ith o u r P, and o th e r in te re stin g su b stan ces I have been chiefly co n cern ed in c a tc h in g pikes or at least try in g to do so '. T h u s the tw o rem a in e d in to u ch . E u le r did n o t th en foresee th a t after m ore th an tw o decades he w ould p u b lish a stu d y , jo in tly w ith E. O s tlu n d , on the o cc u rre n ce of su b stan ce P in fish (29).
F ro m this p e rio d follow ing his re tu rn to Sw eden, th ere are tw o o b serv atio n s th a t w ere to prove of the g rea test im p o rta n c e for all later w ork on su b sta n c e P. In a p a p e r (10) O ver 30 years h ad to pass un til his conclusions w ere p ro v ed by the synthesis of su b stan ce P. T h is was the first m e m b e r of the fam ily of n e u ro p e p tid e s to be describ ed , to be follow ed by n u m e ro u s o th ers th a t have b een recognized in recen t years.
In these p ap ers from 1936, E u le r com es to th e co nclusion th a t su b stan ce P has a physiological fu n ctio n in co n tro llin g in testin al m otility . T h is has also been c o rro b o ra te d by m o d ern studies.
In cid e n ta lly , the tw o p ap ers from 1936 give b o th the U n iv e rsity of L u n d and th e K aro lin sk a In stitu te as places of origin. It th ere fo re seem s th a t after his re tu rn to S w eden E u le r still retain ed his association w ith L u n d , before he finally took up a positio n in S tockholm , w hich from th en on rem ain ed his p e rm a n e n t hom e, ap a rt from a few visits ab ro ad for study.
T h e re is a slightly later piece of w ork (17), from 1942, in w hich he describes useful m eth o d s for p re p a rin g p o te n t sam ples of th e substance. In the su b seq u e n t p erio d E u le r's w ork in th is field was d irectly co n tin u e d by one of his stu d e n ts, B engt P ernow , to w hom we owe a n u m b e r of im p o rta n t o b servations. T h e n , in the 1950s E u le r's in te re st in c o m parative stu d ies was aroused. I have already referred to the p a p e r (29) w ith E. O s tlu n d on th e o c c u rre n ce o f a su b sta n c e w ith P -like p ro p e rtie s in th e b ra in and in te stin e o f fishes a n d o th e r low er v e rte b ra te s. It is of in te re st to n o te th a t these p a p e rs also reaw akened G a d d u m 's in te re st in su b sta n c e P; one of his last p a p e rs is on the use of th e goldfish in te stin e for th e bioassay of su b sta n c e P (G a d d u m & S zerb 1961).
In 1963 E u le r took p a rt in a D iscu ssio n M e etin g on N e u ro p e p tid e s, held u n d e r th e auspices o f th e N ew Y ork A cadem y of Sciences. H ere he re p o rte d on e x p e rim e n ts c a rrie d o u t in c o n ju n c tio n w ith F. L ishajko on th e lo calization o f su b sta n c e P in g ran u les o b tain e d from various p e rip h e ra l nerv es, e.g. the vagus and splenic nerves of th e cow and the sciatic n erv e of th e dog. T h e active m ate ria l was fo u n d in a se d im en tab le fractio n . In th e e n su in g d iscu ssio n he was q u e stio n e d a b o u t his ideas on th e fu n ctio n al significance of these o b serv atio n s. H e co n sid ered the p o ssib ility of th e n e u ro p e p tid e e x e rtin g 'som e kin d of m o d u la tin g effect', and th e n c o n tin u e d : 'W h e th e r su b sta n c e P in postg an g lio n ic n erves could act as a tra n s m itte r we have no evidence for. B ut, again, one sh o u ld keep th is p o ssib ility o pen . It m ig h t be released in som e places, p e rh a p s in the in te stin e s and act as a real n e u ro tra n s m itte r, w ith an action on the m o b ility of th e g u t. ' E u le r reta in e d his in te re st in su b stan ce P un til th e very end of his life. F o r in stan ce, th e re is a review article from his p en in th e O c to b e r 1981 issue of Trends in Neurosciences (37), in w hich th e c o n trib u tio n s from his lab o ra to ry are su m m a riz ed . T h is review also show s th a t he was well aw are of th e c o n n e ctio n b etw een su b stan ce P and n eu ro n a l tissue in the in testin e.
A little later, in D e c e m b e r 1981, he a tte n d e d a C iba F o u n d a tio n S y m p o siu m on 'S u b stan c e P in th e N e rv o u s S y ste m '. T h e p u b lish e d volum e (38) show s th a t he took a very active p a rt in the d iscussions at the sy m p o siu m . T h e sam e volum e also co n tain s his C iba F o u n d a tio n L e c tu re , held on 1 D e c e m b e r 1981; this deals w ith aspects w ider th an those discussed in th e sy m p o siu m , a lth o u g h su b stan ce P is m en tio n e d in the lecture.
In the su m m e r of 1983 a sy m p o siu m on su b stan ce P was held at T rin ity C ollege, D u b lin . E u ler was to be the guest of h o n o u r at th at occasion. T h a t was no t to be. In ste a d , the p ro ceed in g s of the m eeting are ded icated to his m em ory. T h e volum e is in tro d u c e d by P rofessor B engt P ern o w , w ho acknow ledged w ith p rid e and affection his in d eb ted n ess to U lf von E uler. T o g e th e r w ith the C iba F o u n d a tio n volum e, it vividly illu strates the m anifold ram ifications of th e subject th a t stem from E uler and G a d d u m 's original discovery.
The discovery of noradrenaline as the sympathetic transmitter E u le r's in terests in ad ren alin e and related substances go back to the earliest days of his scientific career. A lready d u rin g his early w ork, w hen he was w o rk in g w ith A h lg ren in L u n d on th e tissu e re sp ira tio n of m uscles, w ith th e m eth y le n e b lu e te c h n iq u e , he h ad stu d ie d th e effect of ad re n a lin e . S u b se q u e n tly , d u rin g th e long p e rio d o f his association w ith L ilje stra n d , th ere are p a p e rs rela tin g to th e p h ysiology of a d re n a lin e , e.g. on c a ro tid sin u s p re ssu re and a d re n a lin e c o n te n t of blo o d p lasm a in dogs. T h e m e th o d s o f a d re n a lin e d e te rm in a tio n o ccu p ied h im greatly. T h e re is an early p a p e r fro m 1933 (7) in w h ich he exam ines th e use of chem ical m eth o d s o f e stim a tin g ad ren alin e; th e m e th o d was b ased u p o n th e co lo u r reactio n th a t occu rs w h en a d re n a lin e reacts w ith iodine, a reactio n first d e scrib ed by V u lp ian in 1856. T h is is a reactio n th a t he re tu rn e d to in a m u ch late r p e rio d and th a t led to a m e th o d su b se q u e n tly used w ith p rofit by m an y o b se rv e rs (26).
T h e re is one p a p e r th a t is of in te re st in reg a rd to his later w ork on n o ra d re n a lin e , and th a t is th e e x a m in atio n o f a claim p u t fo rw ard in 1932 by S z e n t-G y o rg y i and his colleagues (A n n a u et al. 1932) th a t th e ad ren al m e d u lla ry tissu e c o n ta in ed , in a d d itio n to a d re n a lin e , a su b sta n c e th a t th ey called n o v a d re n in e, th a t had a m u c h m o re p o te n t effect on th e a rte ria l blo o d p re ssu re th a n a d re n a lin e itself. E u le r (7) show ed th a t th is claim co u ld n o t be s u b s ta n tia te d an d he ex p lain ed th e resu lts o b ta in e d by th e H u n g a ria n w o rk ers as b e in g d u e to u n c e rta in tie s of th e chem ical m e th o d of assay th a t th ey h ad used. E u le r's p a p e r c a rrie d a p o stsc rip t by S z e n t-G y o rg y i in w h ich he agreed w ith E u le r's co n clu sio n s. It is of in te re st th a t in E n g la n d S ir H e n ry D ale e n co u rag ed H . O. S ch ild to re exam ine S z e n t-G y o rg y i's claim as w ell, w ith resu lts essentially sim ilar to th o se o b tain e d by E u le r (S c h ild 1933). O n re -re a d in g S c h ild 's p a p e r today, one notices th a t he usually fo u n d a sm all difference b e tw e en th e resu lts o b tain e d by co lo rim e try and by blo o d p re ssu re assay; th e latte r m e th o d usu ally gave slig h tly h ig h er values, b u t th e differences w ere not as huge as th e ten fo ld difference fo u n d by A n n a u et al. O ne ju s t w o n d ers if th e slight differences th a t S ch ild o b tain e d by c o lo rim e try on th e one side and by bioassay on the o th e r w ere d u e to th e p resence of n o r ad ren alin e, w h ich has a slightly stro n g e r effect on th e a rterial blood p ressu re. H o w ev er, in 1933, it was too early to w o rry a b o u t this; it h ad to aw ait th e w ork th a t E u le r and o th ers d id a decade and m o re later.
All these o b se rv a tio n s on ad re n a lin e p re -d a te E u le r's w ork on th e sy m p a th e tic tra n s m itte r, w ork th a t laid th e fo u n d atio n s of his fam e in the p o stw a r p erio d .
T h e re can be few discoveries in th e field of m o d e rn au to p h arm aco lo g y b e tte r k n ow n th a n the discovery o f n o ra d re n a lin e as the tra n s m itte r su b stan ce at th e en d in g s of th e p o stg an g lio n ic sy m p a th e tic nerves in m am m als.
O ne of th e first p roposals of th e o c cu rren ce of h u m o ra l tra n sm issio n is th e suggestion m ade by T . R. E llio tt in 1904 th a t sy m p a th e tic nerves act by releasing a d ren alin e at th e ir en d in g s. T h is suggestion was criticized in the classic p a p e r by B arger & D ale o f 1910 on sy m p a th o m im e tic am ines, p a rtly for th e reason th a t o th e r am in es, e.g. n o ra d re n a lin e , m im ick ed the effects o f s y m p a th e tic s tim u la tio n m o re closely th a n a d re n a lin e .
T h e s e early a rg u m e n ts w ere su p e rse d e d by th e o b se rv a tio n of O tto L oew i. L o ew i h im se lf n e v e r c o m m itte d h im se lf on th e q u e stio n of th e id e n tity o f his 'A k z e lera n ssto ff' w ith a d re n a lin e . It was a n o th e r p ro p o n e n t of th e new th e o ry , W . B. C a n n o n , w ho w as th e first to d raw a tte n tio n to th e differen ces b e tw e en th e effects of a d re n a lin e a n d of w h at he called sy m p a th in . C a n n o n 's o b se rv a tio n s on the differences b e tw e en th e actions of a d re n a lin e a n d th o se of sy m p a th in are as valid to d ay as th ey w ere w hen th ey w ere first p u t fo rw ard h a lf a c e n tu ry ago. H o w ev er, his in te rp re ta tio n s have only h isto rical in te re st to d ay . It was one of C a n n o n 's s tu d e n ts , Z. M . B acq, w ho first ten ta tiv e ly d iscu ssed th e p o ssib ility th a t n o ra d re n a lin e m ig h t be th e a d re n e rg ic m ed ia to r.
In th e im m ed ia te p rew a r p e rio d th e re w ere tw o lines o f research th a t w ere o f im p o rta n c e : first, a g ro u p of C an ad ian in v estig a to rs m ade a sy stem atic c o m p a riso n o f th e effects of sy m p a th e tic stim u la tio n w ith th o se of b o th n o ra d re n a lin e and a d re n a lin e (S teh le & E llsw o rth 1937; M elville 1937; G re e r et a l .
1938).
T h e y co n c lu d e d th a t n o ra d m im ic k e d th e effects o f sy m p a th e tic stim u la tio n b e tte r th a n a d ren alin e. S eco n d ly , th e re w as th e discovery by a n o th e r fo rm e r s tu d e n t of S ir H e n ry D a le 's, P e te r H o ltz, of th e enzym e L -dopa decarboxylase (H o ltz et al. 1938) ; the p o ssib ility th a t th is enzym e was th e catalyst of one of the step s in th e b io sy n th e sis of ad re n a lin e led to th e idea th a t a p rim a ry am ine like n o ra d re n a lin e m ig h t arise on the b io sy n th e tic p a th w a y and co uld also serve as sy m p a th in (B laschko 1939) . 'D e a r Sir H e n ry , W e w ere very glad to receive g reetin g s from you and L ad y D ale th ro u g h P rof. S ieg b ah n . E v ery b o d y seem s to go to E n g la n d these days, and we are, n a tu ra lly , looking fo rw ard to do so too.
T h is a u tu m n I have h ad a n o th e r m an to do m y tea c h in g and have sp e n t m o st of th e tim e in th e lab o ra to ry w hich has been m o st enjoyable and re m in d e d m e of th e h a p p y days as a tra v e llin g fellow . P e rh ap s it will in te re st you to h ear a b o u t th e sy m p a th o m im e tic su b sta n c e in the spleen w hich I have been w ork in g w ith lately. It ap p e are d th a t o rd in a ry alcoholic e x tra cts of cattle spleen co n tain th e som ew hat su rp risin g a m o u n t of som e 10 m g ad re n a lin e p resso r e q u iv a len ts p e r kg. A fter p u rificatio n th e active su b stan ce was fo u n d to differ so m ew h at from ad ren alin e, T h u s the p resso r action was q u ite resista n t to erg o tam in e, the in h ib ito ry action on th e virg in or n o n -p re g n a n t c a t's u te ru s was sm aller th an for an e q u ip re sso r dose of ad ren alin e, th e effect on the iris was slight etc. F in ally th e fluorescence test of G a d d u m -S c h ild was negative w hich certain ly excludes ad ren alin e, b u t n o t the su sp ected su b sta n c e -n o r-a d re n a lin e . So it m ay be th a t th e s u b stance fo u n d is really sy m p a th in E. I have allow ed m yself to q u o te at som e len g th y o u r alm ost p ro p h e tic w ords in y o u r p a p e r w ith B arger a b o u t the p ro b ab le n a tu re of th e u n k n o w n sy m p a th in . B acq 's guess a b o u t n o r-a d re n a lin e had a very good fo u n d a tio n -in y o u r p aper.
T im e is n earin g for the N o b el c eleb ratio n s and it seem s th at F lem in g , F lorey and C h ain are all com ing. O f the prev io u s laureates H ey m an s and p ro b ab ly G asser will com e too. It will be q u ite a m eeting.
W e hope th a t you and L ad y D ale are well and send o u r best re g a rd s .' D a le 's reply is d a te d 8 Ja n u a ry 1946. Som e p a rts of his lette r are in terestin g . N o t su rp risin g ly , he was n o t at once bow led over by w hat E u ler told h im -after all, these first resu lts w ere m odest. D ale was in te rested in E u le r's finding of a large am o u n t of n o rad re n a lin e in the spleen, b u t he did no t see th a t this was necessarily related to the p ro b le m of th e id e n tity o f C a n n o n 's sy m p a th in . N a tu ra lly , he w as re m in d e d o f his ow n a n d D u d le y 's o b se rv a tio n s, alread y re fe rre d to, of large a m o u n ts of ac ety lc h o lin e in th e spleen.
By th e tim e of th is c o rre sp o n d e n c e , E u le r's first le tte r to N ature (19) h ad alread y com e out; it is d a te d 16 A pril 1945. H e d e scrib ed in it a p re sso r su b sta n c e th a t is d iffe re n t fro m p ip e rid in e , a su b sta n c e th a t he h ad d isco v ered in m am m a lia n tissu e a little earlier. T h is new su b stan ce he fo u n d in e x tra cts fro m m am m a lia n liver, spleen, k idneys, h e a rt, lungs, v o lu n ta ry m u scle, sm o o th m uscle (in te stin e ), b rain , p an creas and testis, b u t n o t in e x tra cts of h u m a n p lacen ta. T h e su b sta n c e th a t he d escrib ed w as d e stro y e d by alkali, b u t stable in acid, a p ro p e rty it sh ared w ith a d re n a lin e . H e w rote: 'T h e biological reactio n s p o in t to a sy m p a th o m im etic su b sta n c e , and one is led to co n sid e r its relatio n s to th e " S y m p a th ik u ssto ff" of L oew i. T h e active e x tracts give co lo u r reactions w ith ferric c h lo rid e of a sim ilar k ind to ad re n a lin e and a stro n g F o lin -C a n n o n -D e n is reactio n w ith p h o sp h o tu n g stic acid. It has n o t been p ossible to o b tain th e c o lo u r reactio n w ith iodine, how ever, th o u g h ad d ed a d re n a lin e readily gave th is .' T h e full p a p e rs (21, 22) d e scrib in g his o b serv atio n s, b o th th o se on spleen e x tra cts and som e of th e later w ork, are p u b lish e d in the A cta Physiologica Scandinavica in 1946. F ro m these it ap p ears th a t th e o b serv atio n s on th e spleen ex tracts, re fe rre d to in th e lette r to Sir H e n ry D ale, h ad b een carrie d o u t before E u le r h ad succeeded in g e ttin g hold of su p p lie s of n o rad re n a lin e. H e w rote: 'C a te ch o l-e th a n o l-am in e no t being available, a n u m b e r o f co m p arativ e tests w ere m ade w ith a sim ilar su b sta n c e , dl 3 :4 -d ih y d ro x y -n o r-e p h e d rin e (D .N .E .) p rep a re d by th e I.G . F a rb e n in d u s trie and kin d ly p u t at th e disposal o f P ro fesso r G . L ilje stra n d . T h is c o m p o u n d was no t in clu d ed in th e series in v esti gated by B arger and D ale b u t has been stu d ie d by S c h a u m a n n (1931). T h e tests w ith D .N .E . revealed the sam e ty p e of action as th e am inobases in B arger a n d D a le 's e x p e rim e n ts, and ap p a re n tly D .N .E . resem bles n o r-a d re n a lin e to a h igh ex ten t, q u an tita tiv e ly as well as q u a li tatively. A fter a dose of e rg o tam in e sufficient to reverse the action of ad re n a lin e b o th th e e x tract and D .N .E . retain ed a slight p resso r effect in doses e q u ip re sso r before e rg o ta m in e . ' T h is p a p e r was received by the ed ito rs on 27 N o v e m b e r 1945. By the tim e E u le r's second p a p e r was received on 17 M ay 1946, he had been able to assay his ex tracts against a u th e n tic sam ples o f L -noradrenaline. In fact, he had tw o sam ples at his disposal, the one from O xford already referred to and th e o th e r from D r M . L . T a in te r in N ew Y ork. In his p a p e r he describes ob serv atio n s on extracts th a t he had p rep a re d from nerve plexus rich in postganglionic sy m p ath etic fibres. T h e best m aterial at his disposal was the plexus of nerves from the splenic arteries of horses and cows. T h e ex tracts w ere p rep a re d by m incing the fresh tissue in acid alcohol; th e alcohol was th e n rem oved by evaporation. In a n u m b e r o f cases th e m ate ria l w as fu rth e r p u rified by rem o v in g a b lo o dp re ssu re lo w erin g su b sta n c e by a b so rp tio n on fu lle r's e a rth .
O n 15 J u n e 1946 E u le r read a p a p e r (23) on these findings to a m ee tin g of th e P hysiological Society. T h is w as p ro b a b ly th e first tim e th a t he h ad b een able to p re se n t his e x citin g resu lts to his B ritish frie n d s and colleagues. H e briefly d iscu ssed th e rela tio n of his fin d in g s to th e o b se rv a tio n s by C an n o n on sy m p a th in . C a n n o n had d istin g u ish e d tw o ty p es o f sy m p a th in , an e x c itato ry one (sy m p a th in E) and an in h ib ito ry one (sy m p a th in I). E u le r p ro p o se d to re ta in C a n n o n 's te rm s y m p a th in , b u t he p o in te d o u t th a t th e re was no n eed to d istin g u ish tw o sep arate su b stan ces: like n o ra d re n a lin e , his e x tra cts fro m sy m p a th e tic n erv e fibres had b o th e x c itato ry an d in h ib ito ry p ro p e rtie s.
In th e n e x t few years E u le r b ecam e a fre q u e n t v isito r at m ee tin g s of th e P hysiological S ociety. O n 6 D e c e m b e r 1947 he read a n o th e r p a p e r (25) th e re on th e a m o u n ts o f sy m p a th in , h ista m in e a n d acetylcholine in m am m a lia n nerves. H e show ed th a t th e h ig h sy m p a th in c o n te n t is re stric te d to sy m p a th e tic n erv es a n d he d iscu ssed th e p o ssib ility th a t h ista m in e m ay be th e tra n s m itte r in o th e r nerves.
It w o u ld be im p o ssib le to give a c o m p lete rec o rd o f all th e p a p e rs th a t E u le r p u b lish e d in th e im m ed ia te p o stw a r p e rio d on th e id e n tity of n o ra d re n a lin e w ith th e a d re n e rg ic m ed ia to r. T h e re follow ed a c o n sta n t o u tp u t o f p ap ers, e ith e r fro m his ow n p en o r fro m th a t of m e m b e rs of his lab o ra to ry , th a t e sta b lish e d his claim w ith o u t d o u b t. L o o k in g back to this
early p e rio d , he w ro te in an article, p u b lish e d as p re fa to ry c h a p te r for volum e 11 of th e A nnual Review of Pharmacology (33), e n title d 'Pieces in th e p u z z le ', th a t th e h y p o th esis at first d id n o t m eet w ith g reat credence. H e singled o u t B. A. H o u ssay as one w ho was e n c o u ra g in g fro m th e very b eg in n in g , and he also m en tio n e d th e help he h ad in E n g la n d fro m his frien d G o rd o n (now S ir G o rd o n ) W o lste n h o lm e, w ho h e lp e d as th e first D ire c to r of th e C iba F o u n d a tio n by a rra n g in g a n u m b e r of sym posia th a t gave E u le r an o p p o rtu n ity of m aking his w ork know n. O x fo rd was a n o th e r place w here he fo u n d early reco g n itio n . E. B iilbring, F .R .S . (1949) th e con v ersio n of n o ra d re n a lin e to a d re n a lin e in m in ced su p ra re n al m e d u lla ry tissue. A lso from O xford, a n o th e r im p o rta n t m eth o d ical step fo rw ard cam e fro m the late W . O. Jam es w ho d e m o n stra te d th e p a p e r-c h ro m a to g ra p h ic se p ara tio n of a d ren alin e an d n o rad re n a lin e. J a m e s 's w ork was ca rrie d o u t u p o n the suggestion of th e late P am ela H o lto n , th e n a D .P h il. s tu d e n t in P ro fesso r J. H . B u rn 's lab o rato ry ; she im m ed iately used Ja m e s 's m e th o d for d e m o n stra tin g th e presence o f large am o u n ts of n o rad re n a lin e in th ree sam ples of h u m a n p h a e o ch ro m o c y to m a (H o lto n 1949). In 'Pieces in the p u z z le ' E u le r refers to th e fact th a t he h ad n o t fo u n d any n o rad re n a lin e in th e ra b b it ad renal m edulla. H e says: 'A n a tte m p t to check th e p o ssibility of n o ra d re n a lin e o c c u rin g in th e a d re n a l m ed u lla offered an in stru c tiv e ex p e rien c e . F o r th is p u rp o se I u sed an e x tra c t o f ra b b it ad re n a ls w hich w ere easily available in th e lab o ra to ry . T h e re su lt w as p e rfe c tly clear: th e active a m in e w as a d re n a lin e . N o t k n o w in g I h ad pick ed th e o nly m am m al w ith p rac tic a lly only a d re n a lin e in its su p ra re n a ls. I h ad a good chance of g e n e ra liz a tio n s in th e follow ing year w h e n P e te r H o ltz 's w ork on n o ra d re n a lin e in cat ad re n a ls w as p u b lis h e d . ' A p a rt fro m th e c o n trib u tio n s fro m H o ltz and th o se fro m th e O x fo rd D e p a rtm e n t o f P h a rm a c o lo g y , th e re is one o th e r lab o ra to ry th a t sh o u ld be m e n tio n e d h e re , th a t o f his frie n d w h ich he show ed th a t splenic sy m p a th in , released after th e stim u la tio n of th e sp len ic nerv es, is n o ra d re n a lin e . P ro fesso r P e a rt tells m e th a t E u le r visited th e d e p a rtm e n t w hile he w as w ork in g in G a d d u m 's lab o ra to ry in E d in b u rg h . H e re m e m b e rs th e very nice way in w hich E u le r talked w ith him ; it w as a g reat th rill. E u le r 's very frien d ly and sy m p a th e tic recep tio n o f y o u n g e r colleagues is an ex p erien ce th a t O xfo rd p h a rm a co lo g ists can confirm : he was d e lig h te d to m eet P am ela H o lto n here and discuss w ith h e r h e r new m e th o d s a n d resu lts.
E u le r's discovery m ade a g reat im p act w h erev er p h arm aco lo g ists and p h y sio lo g ists h ad been in te re ste d in th e au to n o m ic n erv o u s system . F o r h im th e p e rio d th a t follow ed was one in w hich he ex p loited and co n so lid ated his first findings. T o g e th e r w ith his colleagues at the K aro lin sk a In s titu te he m ade a th o ro u g h stu d y of the separate fu n ctio n s and th e sep arate o ccu rren ces of a d ren alin e and n o rad re n a lin e. As the fam e and re p u ta tio n o f his lab o rato ry grew , he w as jo in e d by an in creasin g n u m b e r of y o u n g e r colleagues from Sw eden and from abroad. M an y of these have c o n tin u e d to m ake im p o rta n t c o n trib u tio n s to o u r know ledge of the catecholam ines. E u le r's ow n o u tp u t of exp erim en tal and w ritte n w ork was p ro d ig io u s. In ad d itio n to a steady flow of original p ap ers, he also w rote m any review articles on n o rad re n a lin e and on sy m p a th e tic fu n ctio n . T h e m o st su b sta n tia l of his w ritin g s from th at p erio d is the m o n o g ra p h (30) on n o rad re n a lin e, p u b lish e d in 1956. T h is book he d ed icated to S ir H e n ry D ale, w ho w rote a forew ord for it.
E u le r becam e a reg u lar v isito r to m eetings in this c o u n try , on the c o n tin e n t of E u ro p e and in A m erica. A t the In te rn a tio n a l B iochem ical C ongress held in P aris in 1952 he d escrib ed the discovery (27) A t th e C iba F o u n d a tio n S y m p o siu m on A d re n e rg ic M e ch a n ism s, held in L o n d o n in 1959, E u le r asked m e if I could give h o sp itality at O x fo rd to one of his colleagues, so th a t he m ig h t see o u r m eth o d s of ce n trifu g a tio n , especially d en sity g ra d ie n t c e n trifu g a tio n . D r F. L ishajko kin d ly tells m e th a t he cam e to O x fo rd in J u n e 1960 and he sp e n t a b o u t a m o n th th ere, seeing o u r e x p e rim e n ts. In th e follow ing years, often to g e th e r w ith E u ler, he c o n tin u e d to m ake use of the m e th o d s he had seen in o p eratio n .
In 1960 E u le r was one of the speakers at the F irs t In te rn a tio n a l C atech o lam in e S y m p o siu m , held at B ethesda, M a ry la n d . H e rem ain ed a reg u la r a tte n d e r at th ese sym posia, and he was an H o n o ra ry P re sid e n t, to g eth e r w ith J. A xelrod, at the fo u rth of these sym posia, h eld at A silom ar, C alifornia, in 1978.
M y ow n last close co n tacts w ith him w ere in th e early 1970s, w hen to g eth e r w ith P ro fesso r E. M usch o ll I was e d ito r of th e volum e of the Handbook of experimental pharmacology on catecholam ines (35) . H e and his p rin cip al c o -w o rk er in the catecholam ine field, D r L e n n a rt S tjarn e, took over the task of w ritin g c h a p te rs on synthesis, u p tak e and storage of catecholam ines and on the effect of d ru g s on these processes; E u ler w rote the c h a p te r on ad ren erg ic nerves and S tjarn e th a t on the adrenal m edulla. T h e se tw o ch a p te rs, a co rn e rsto n e in the w hole book, are still valid and valuable as review s of th e state of o u r know ledge at the tim e. T h e book, I am h a p p y to say, was soon sold ou t and here at O xfo rd it still serves as the m ain te x t fo r s tu d e n ts o f th e su b ject. T h is success ow es m u ch to th e c o n trib u tio n fro m E u le r an d his lab o ra to ry .
T h e p reface to his S h e rrin g to n L e c tu re , given in L iv e rp o o l on 23 F e b ru a ry 1978 an d p u b lis h e d tw o years late r (36), c o n ta in s an ack n o w l e d g e m e n t o f th e c o n trib u tio n m ad e by F. L ish ajk o . H e says: 'V irtu a lly all of th e e x p e rim e n ts fro m o u r lab o ra to ry d escrib ed and cited in th is p u b lic a tio n have b een m ad e in c o lla b o ra tio n w ith D r F. L ishajko, w hose skill a n d d e d ic a tio n to th is w ork has b een in v alu ab le and to w h o m I owe sincere g r a titu d e '. T h e lec tu re co n tain s a full d e sc rip tio n of E u le r's w ork on the u p tak e a n d release o f n o ra d re n a lin e by n erve g ran u les. In the last p a ra g ra p h of th e book he com es o u t in fav o u r of the idea of release by exocytosis, a su g g estio n th a t he h ad fo r som e tim e b een h e sita n t to ad opt. H is p o sitio n is b est e x p ressed in his ow n w ords: 'R elease o f N A fro m a d re n e rg ic n erv e varicosities by exocytosis seem s to b est fit th e facts available at p re se n t as p o in te d o u t by S m ith a n d W in k le r (1972) in th e ir extensive review . T h e generally assum ed seq u en ce of events seem s to be a tta c h m e n t of th e g ran u le to th e axon p lasm a m e m b ra n e , follow ed by fusion of th e g ran u le w ith the m e m b ra n e in co n n e ctio n w ith the n erv e ex citato ry w ave. In this pro cess p a rt o f th e g ran u le m e m b ra n e will be o p en ed , allow ing free c o m m u n ic a tio n b etw een th e g ran u le m atrix and th e synaptic in te r phase. A ssu m in g th a t th e process of release ob serv ed vitro will also o c c u r in v i v o, N A will th e n be released at the m ax im u m rate th ro u g h th e o p en in g . T h is release rate m ay be even h ig h er th a n th a t o bserved in a g ran u le su sp en sio n d u rin g in cu b a tio n since it can n o t be excluded th a t th e g ran u le m e m b ra n e m ay c o n stitu te a certain b a rrie r w hich is rem oved d u rin g the phase of op en co m m u n ic a tio n w ith th e exterior. In this w ay it is even conceivable th a t th e release m ay assum e a q u a n ta l or se m i-q u a n tal c h a ra c te r, alth o u g h th e process p ro b ab ly differs from th a t involving sy n ap tic vesicles of the Ac C h type, a su b ject tre a te d so a u th o rita tiv e ly by K atz in his S h e rrin g to n L e c tu re fro m 1969.'
Prostaglandin W e owe the nam e 'p ro sta g la n d in ' to E uler. T h e early h isto ry of p ro sta g la n d in research owes m u ch to the characteristic qualities of his m eth o d of w ork. H is first ten ta tiv e observ atio n s w ere follow ed by system atic and p ain stak in g research in w hich he m ade use of bo th pharm acological tec h n iq u es and biochem ical m eth o d s.
E u le r's ob serv atio n s began alm ost at once after his re tu rn to Sw eden from his first stay in D a le 's lab o rato ry at H am p stead . H e m u st have m ade a search for biologically active su bstances in m am m alian tissues. T h e re had already been isolated rep o rts of pharm acological actions on sm ooth m uscle p rep a ra tio n s by sem inal fluid w hen E u ler sta rte d his studies. Like o th ers, for in stan ce G o ld b la tt, he fo u n d th a t e x tra cts of th e p ro sta te g lan d of sheep acted on p lain m uscle. In his first p a p e r he p ro v e d th a t a d re n a lin e w as p re se n t, p ro b a b ly because th e re w ere chrom affin cells, c lu ste rs o f w h ich he fo u n d sc a tte re d th ro u g h th e g lan d . H is search did n o t stop th ere; a fte r th e rem oval of th e a d re n a lin e , by tre a tm e n t o f th e e x tra cts w ith iodine, actions w ere revealed th a t rese m b le d th o se of su b sta n c e P: s tim u la tio n o f th e lo n g itu d in a l m u scle of th e ra b b it je ju n u m , to g e th e r w ith a low erin g of th e r a t's blood p re ssu re (8). A gain, alm o st at once, th is tu rn e d o u t n o t to be th e w hole sto ry (9); he soon review ed his earlier findings and (in a g re e m e n t w ith G o ld b la tt) show ed th a t ex tra cts of h u m a n sem inal p lasm a and o f sheep p ro sta te g lan d co n ta in ed a new su b stan ce. T h is su b sta n c e differed fro m su b sta n c e P n o t only in its so lu b ility p ro p e rtie s b u t also in its c h a ra c te ristic lo n g -la stin g p h a rm a c o logical effect. F o r th is new su b sta n c e he p ro p o se d th e nam e p ro s ta g lan d in . M u c h later he e x p lain ed th a t th is nam e was chosen because he at first th o u g h t th a t th e p ro sta te g lan d was th e source of th e new c o m p o u n d . O v er tw e n ty years later, a fter th e p ro v isio n al nam e had been g enerally a d o p te d , his p u p il E liasson (1959) p ro v ed th a t n o t th e p ro sta te b u t th e sem inal vesicles w ere th e source o f th e active m aterial p re se n t in th e sem inal fluid.
In th is early w ork E u le r 's q u alities as a rese a rc h e r are clearly show n. H e p ro fited fro m his frie n d sh ip w ith H u g o T h e o re ll: he used T h e o r e ll's ele c tro p h o resis a p p a ra tu s for th e p u rific a tio n o f his m ate ria l and he estab lish ed th a t th e ph arm aco lo g ically active su b sta n c e beh av ed like an acid, m ig ra tin g to th e anode at n e u tra l p H . T h e o re ll also h e lp e d h im by m ea su rin g the u ltra v io let a b so rp tio n sp e c tru m of his active m aterial; it h ad an ab so p tio n m a x im u m a ro u n d 275 nm .
In his early w ork E u le r (12) d istin g u ish e d b etw een 'p ro sta g la n d in ' and v e sig la n d in '. 1 he differences in th e pharm aco lo g ical actions b etw een th e p re p a ra tio n s fro m tw o differen t sources w ere n o t fully u n d e rs to o d at the tim e; th is becam e possible only at a m u ch late r date, w hen B erg stro m , S am u elsso n and th e ir co -w o rk ers succeeded in isolating and c h a ra c te rizing th e v arious m e m b e rs o f th e p ro sta g la n d in fam ily. P ro fesso r S une B erg stro m kin d ly tells m e th a t th e term s used by E u le r at th a t early stage refe rre d to differen t m ix tu re s of th e various p ro sta g la n d in s, fro m the sem en of differen t species. It was u p o n th e su g gestion of B erg stro m and S am uelsson th a t E u le r's general te rm 'p ro sta g la n d in ' was finally ad o p ted for th is class o f c o m p o u n d s.
In one of the p ap ers th a t he p u b lish e d in th e Skandinavisches ju s t before th e o u tb re a k of the w ar (15), he d escrib ed a th o ro u g h pharm acological analysis of the p ro p e rtie s o f p ro sta g la n d in . W h a t is of p a rtic u la r in te re st to p h arm aco lo g ists to d ay is th a t he o bserved, in a stu d y on th e arterial b lood p re ssu re o f th e ra b b it, th a t for a c o n sid erab le tim e afte r th e h y p o ten siv e effect of p ro sta g la n d in h ad su b sid e d the p resso r response to a dose o f a d ren alin e was d im in ish e d . T h is is the first re p o rt of an in te ra c tio n b e tw e en p ro sta g la n d in and a d re n a lin e , a to p ic th a t still o ccu p ies th e m in d s of p h a rm a c o lo g ists to d ay . A lso fro m E u le r 's la b o ra to ry th e re have b e e n m an y m o re rec e n t p u b lic a tio n s on th e in te rp la y b e tw e en p ro sta g la n d in a n d th e effects of s y m p a th e tic stim u la tio n .
T h e sam e p a p e r (15) d e sc rib e d also th e p u rific a tio n of th e m aterial. H e re p o rte d th a t th e p u rifie d m ate ria l w as n itro g e n -fre e and th a t it b eh av ed like an acid. A lso, he n o tic e d th a t it rap id ly d isc o lo u re d ad d e d p o tassiu m p e rm a n g a n a te , an o b se rv a tio n th a t in d ic a te d to h im th a t the active m ate ria l w as an u n s a tu ra te d c o m p o u n d . All th ese o b se rv a tio n s w ere fully c o rro b o ra te d by late r stu d ies.
T h e m a te ria l th a t he p re p a re d in th ese early stu d ie s en a b le d h im to m ake a fre e z e -d rie d a n d relatively stable p ro d u c t, and to define a given a m o u n t o f it as th e p ro sta g la n d in u n it. T h e sam e fre e z e -d rie d p re p a ra tio n served a fte r th e w ar in th e first a tte m p ts at p re p a rin g p u re specim ens of p ro sta g la n d in . T h is is d e scrib ed in P ro fe sso r S. B e rg stro m 's N o b el Prize L e c tu re o f 1982. H e tells us th a t in O c to b e r 1945 he gave a lectu re on th e o x id atio n of linolenic acid, at th e K aro lin sk a In s titu te , at w h ich E u le r was p re se n t. A fter th e lec tu re E u le r asked him if he w o u ld be in te rested to look at a sm all a m o u n t of m ate ria l th a t he (E u ler) h ad p re p a re d before the w ar. In th is w ay began th e c o lla b o ra tio n b etw een E u le r and B erg stro m th a t c o n tin u e d over th e follow ing years. B e rg stro m and his colleagues, n o tab ly B. S am u elsso n , c o n tin u e d w ith the p u rificatio n and chem ical c h a ra c te riz a tio n of th e p ro sta g la n d in s. T h e c o llab o ratio n w ith E u le r and his colleagues w as m ain ly in th e stu d y of the p h arm acological p ro p ertie s of th e v ario u s p u re p ro sta g la n d in s th a t had b een isolated.
E u le r 's in te re st in th e p ro sta g la n d in s n ev er ab ated . U n til th e end th ere was a stre a m of p u b lic a tio n s, fro m his ow n p en and from th a t of his colleagues, on th e p ro p e rtie s of th is c o m p o u n d . W ith th e finding, in S w eden and elsew here, of th e w ide d istrib u tio n of th e p ro sta g la n d in s in anim al tissues, in clu d in g th e n erv o u s system , the in te re st in this fam ily of c o m p o n e n ts has steadily in creased. T h e aw ard of th e N o bel Prize for P hysiology o r M ed icin e to Jo h n V ane, F .R .S ., and to tw o of E u le r's c o u n try m e n fro m the K aro lin sk a In stitu te , S. B erg stro m and B. S am u elsso n , in 1982, m u st have been a source of p rid e and satisfac tio n fo r him . H e h im se lf c o n tin u e d to lectu re on p ro sta g la n d in on a great n u m b e r of occasions. In 1966 he gave an in tro d u c to ry survey on p ro sta g la n d in at a m eetin g at th e Society for E nd o crin o lo g y (32) in w hich he refe rre d to the w ork of his co-w orkers. O n 24 M a rc h 1972 the first H ey m an s M em o rial L e c tu re , delivered at G h e n t, was devoted to p ro sta g la n d in . T h e lectu re gave a th o ro u g h review of w hat was know n, at th e tim e, of the pharm acological p ro p e rtie s of the p ro stag lan d in s. H is last review article (39), 'T h e h isto ry and d ev elo p m en t of p ro sta g la n d in s', was p u b lish e d as late as 1983 in General Pharmacology. T h e se last p u b li cations give an acco u n t of how the original observ atio n s of h alf a c e n tu ry ago have led to o u r p rese n t know ledge of this fam ily of co m p o u n d s.
T h e e lu c id atio n o f th e leu k o trien es, fully d e scrib ed in P ro fesso r B. S a m u e lsso n 's N o b el P rize lec tu re of 1982, has show n th a t th e 'slow reactin g su b s ta n c e ', d isco v ered by W . F e ld b e rg and C. H . K ellaw ay in 1938, belongs to th is g ro u p , a fam ily of su b sta n c e s closely related to th e p ro sta g la n d in s. T h e s e are all o b se rv a tio n s th a t show th a t th e w ork b eg u n h alf a c e n tu ry ago is still of relevance in research today.
P o s t s c r i p t S u b stan c e P, p ro sta g la n d in and n o ra d re n a lin e are the lan d m a rk s in an active and p ro d u c tiv e life th a t covered a span of over h a lf a c e n tu ry . T h e se th re e discoveries are by no m eans the only o u tco m e of E u le r's research. T h e re are o th e r areas to w hich he m ade useful and lasting c o n trib u tio n s. H is o u tp u t was prod ig io u s: E u le r's list of p u b lic a tio n s n u m b e rs over fo u r h u n d re d titles, and m any of th em co n tain original o b serv atio n s. H is ow n perso n al lab o ra to ry alw ays reta in e d m o d est d im en sio n s. A lth o u g h in later years his fam e a ttra c te d m any guests to his in stitu te , his ow n team of personal co -w o rk ers was sm all. H is Sw edish co -w o rk ers, in th e course of tim e, often becam e w ell-know n research ers in th e ir ow n rig h t. O ften th e ir research su b jects w ere d eriv ed from th e ir early ex perience in E u le r's lab o rato ry .
W e are fo rtu n a te to have from his ow n h an d a d e scrip tio n of w h at he co n sid ered to be th e qualifications fo r a scien tist. In 1962 he c o n trib u te d an ed ito rial to th e A m erican jo u rn a l Circulation (31) in w hich these qualifications are d escrib ed . I ca n n o t do b e tte r th an to rep ro d u c e in full (by p erm issio n of the A m erican H e a rt A ssociation, In c.) w h at he th e n w rote: 'T h e w ork in g scien tist m akes o b serv atio n s, findings and, occasion ally, a discovery. T h e b o rd erlin e s are n o t alw ays easy to d raw b u t c e rtain signs facilitate the c o rrect diagnosis. O b serv atio n s and fin d ings do no t create any d istu rb a n c e s and are generally qu ietly accepted, often w ith frien d ly ap p reciatio n . A discovery ten d s to create reactions of a m o re diversified c h a ra c te r b o th in the discoverer and am ong fellow scientists. H av in g had the good fo rtu n e to stu m b le on a so lu tio n of a p ro b le m w hich has for som e tim e resisted th e efforts o f o th e r in v estig ato rs the scientist is n a tu ra lly te m p te d to re c o n stru c t th e events in such a way th a t the final resu lt will a p p ear as p ro d u c t of so p h isticated th in k in g and an u n u su al gift in p lan n in g th e necessary e x p e rim e n ts. T h is m ay be the case in som e instances, b u t ever so often the road is a w in d in g one and the th in k in g in ad e q u a te and inefficient. T h e h a p p y m o m e n t is of course the flash th a t crosses the sc ie n tist's m in d w hen som e ap p a re n tly in co n g ru e n t resu lts can possibly be explained by w hat ap p ears to be a ra th e r bold, no t to say o v e r-o p tim istic assu m p tio n or even a guess. All of us know th a t such ideas g en erally have a very s h o rt life span and rap id ly pro v e to be w ro n g . A fter p ro p e r c o n tro l e x p e rim e n ts th e m o st b e a u tifu l d isc o v eries te n d to get lost. If th ey sh o u ld h a p p e n to su rvive it m ean s th a t th e stru g g le ju s t com m en ces. T h e r e are still m an y m istakes to be m ad e . W h e n are th e new fin d in g s to be p u b lish e d ? W h e re and how? A b rie f acco u n t im m ed ia te ly in o rd e r to secure p rio rity ? O r a m ore c o m p le te stu d y tak in g care of a n u m b e r of details? It is only n a tu ra l to choose th e first a lte rn a tiv e , since one m ay su d d e n ly be stru c k by the fact th a t th e b e a u tifu l idea is ra th e r sim ple and o bvious and could ju s t as w ell o c c u r to a n y b o d y else and at th e sam e m o m e n t. T h e first re a ssu rin g ev en t com es w h en th e E d ito r of th e Jo u rn a l sends th e p a p e r back asking for m o re evidence and tellin g you b etw een the lines th a t he does n o t believe m u ch of w h at has seem ed so clear to y o u rself.
'T h e n com es a p e rio d of h a rd and ra th e r u n in te re s tin g w ork in o rd e r to pro v e to o th e rs w h at seem s to be an alm ost selfevident fact, w h ich of co u rse it is n o t at all. T h e n after a tim e w hich seem s very long, th e first cau tio u sly fo rm u la ted co n firm atio n s m ay a p p e ar in the lite ra tu re an d th e p e rio d of c o n so lid atio n begins. A t th e sam e tim e, b u t n o t earlier, th e first claim s ap p e ar to th e effect th a t th e idea is in d ee d a very old one, w h ich o ften is th e case, and th a t th e a u th o r p ro b a b ly got th e h in ts from so m eb o d y else, w hich of course m ay be tru e , even if M r. S o m eb o d y has n o t p u t m u ch faith in his h in t. H e will later, how ever. T h e re is a sto ry a b o u t O scar W ilde w ho once h e a rd a really good p arad o x deliv ered by a frien d , and said to h im " I w ish I h ad fo u n d th a t one m y s e lf /' H is frien d im m ed iately answ ered: " D o n 't you w orry, you soon w ill."
'Scientific w ork has p ro b a b ly n o t ch an g ed so m u ch in c h a ra c te r as in q u a n tity . It seem s th a t we sh o u ld safeguard and recognize all of the d ifferen t m eth o d s and p ro ce d u re s by w hich scientific w ork is p r o d u ced . W e will n eed the co n scien tio u s h a rd -w o rk in g scien tist w ho reads th e lite ra tu re , m akes th e necessary e x p erim en ts w ith a few c o n tro ls too m any, applies statistical m eth o d s, and p u b lish es the resu lts in the co nventional way. If he th en p rese n ts the results at the reg u lar congresses and m eetin g s and talks to th e rig h t colleagues in th e rig h t fashion he will u ltim ately becom e a m em b e r of learned societies and will be reg ard ed w ith h igh esteem . H e is usually wise en o u g h to reg ard new results w ith som e d istru st and to be ra th e r critical to w ard those w ho m ake science in u n o rth o d o x ways. W e will n eed this type of scien tist b u t we will also need the unco n v en tio n al u n tid y , som etim es lazy fellow w ho approaches the p ro b lem s in a differen t way, attacks p ro b lem s th a t have no actuality, and does not care w h e th e r o r no t his w ork is recognized. W e will also need the o rg an izer in big style, w ith m an y secretaries, several telephones, and dozens of co-w orkers, w ho can handle system atically p lan n ed experi-m en ts in an efficient way. H is desk w o u ld have 100 d raw e rs as th e desk of th e successful un cle o f y o u n g K arl R o ssm an n in one of K a fk a 's novels. W h a t we also n eed is a u th o ritie s w ho realize th a t we m u st have all th ese d ifferen t ty p es of rese a rc h w o rk ers a n d th a t all of th e m sh o u ld be n o t only to le ra te d b u t ad e q u ate ly s u p p o rte d .
'T h e re are few th in g s as re w a rd in g for a sc ie n tist as h av in g y o u n g stu d e n ts sta rtin g th e ir research w ork a n d fin d in g th a t th ey have got a clue or m ad e an original o b se rv a tio n . It is th e n a p a rtic u la r d e lig h t to tell th e m th a t th ey have fo u n d so m e th in g really in te re stin g , e sp e cially on such occasions w h e n th ey reg a rd th e ir findings w ith o u t any special a p p re c ia tio n . N o t all realize w h en th ey have stru c k rich , and fo u n d a b o n an za. W h e n th e aging sc ie n tist gets m o re and m o re fe tte re d at th e desk, th e p leasu re o f w itn essin g th e p ro g re ss o f th e y o u n g sta rtin g fresh is one, w h ich he has every reason to feel h a p p y a b o u t an d w h ere he can assist by m ean s of his ex perience.
'T h e y o u n g an d eager b u t in ex p e rie n c e d sc ie n tist also need s a w o rd of w arn in g . T h e re is a c e rtain ten d e n c y in o u r tim e to w a rd co llectio n o f data, especially w ith th e aid o f new and in g en io u s m ach in es w ith a large o u tp u t capacity. S om e o f th ese m ach in es can easily p ro d u c e m iles o f reco rd s. T h e y are also expensive and th e press p h o to g ra p h e rs have a definite liking fo r th em . In o rd e r to pay off the large g ra n ts received for th e p u rc h a se o f such m ach in es th e p o o r sc ie n tist has to p ro d u c e a n u m b e r of p a p e rs w h ich will m ake it seem w o rth w hile for th e g ra n tin g b o d y to have allow ed such a large sum . U n fo rtu n a te ly m u ch of th e m aterial p ro d u c e d in th is w ay is n o th in g m o re th a n sy stem atically a rra n g e d reco rd s. O ne m ig h t ap ply here a w o rd by C h arles M o rg an : " W e m u st see th a t th e sp irit of m an is n o t choked in th e sm oke o f kn o w le d g e .'' O n ly th e scien tist of th e g reatest fam e can afford to use such a p p a ra tu s for a few decisive pieces of in fo rm a tio n .
'All of th is has p ro b a b ly b een said before and b e tte r, b u t th e im p o rta n t th in g is th a t we realize th e n ecessity of n o t b ein g too co n v en tio n al in o u r outlook. W e are ap t to be influenced by the c u rre n t way of th in k in g in m o st m atte rs. T h e scien tist m u st g u a rd h im se lf against b analities. T h e re is som e d a n g e r in o v e rra tin g as well as u n d e rra tin g ce rtain ty p es of scientific efforts and resu lts. W e m u st alw ays g u a rd th e lib erties of th e m in d and re m e m b e r th a t som e degree of heresy is often a sign of h e a lth in sp iritu a l life .'
T h e re is no d o u b t th a t th e d e scrip tio n he gave was sh ap ed by his ow n experience. E ven w hen in th e course of tim e his o u tsid e resp o n sib ilities increased, and he d isch arg ed these co n scien tio u sly , he rem ain ed essen tially an e x p e rim e n te r and lab o rato ry w orker.
T o th o se w ho m et E u le r casually, he gave th e im p ressio n o f being ra th e r q u iet and form al, b u t his frien d s and colleagues u n d e rlin e th a t th is ra th e r d e ta c h e d a p p e a ra n c e w as so m e w h at decep tiv e. H e ce rtain ly h ad a w e ll-d e v elo p e d sense of h u m o u r, so m etim es o f a sarcastic kin d . A t scientific m ee tin g s he w as alw ays ready to take p a rt in th e d iscu ssio n , and w h e n he d id so he spoke to th e p o in t. O n occasion he w as q u ite w illing to s ta n d u p fo r his ow n p o in ts o f view .
I f one h ad to single o u t one p e rso n a l q u a lity th a t c h a ra c te riz e d his a ttitu d e a n d m e th o d of w ork, I w o u ld call it p e rsiste n c e, so m etim es even ten a c ity . O nce he h ad fo rm e d an o p in io n , he stood up for it, n o t giving it up lig h tly , a n d he o ften re tu rn e d to th e sam e p o in t again an d again.
In th e ir re c e n t o b itu a rie s his S w ed ish frie n d s have all n o ted these q u a litie s. I do re m e m b e r th e m well fro m early days. A t scientific m ee tin g s one w as alw ays given th e feeling th a t he w as glad to m eet his fellow scien tists, m an y o f w h o m he h ad know n for a very long tim e. I have alread y re fe rre d to his in te re st in y o u n g an d p ro m isin g colleagues.
As tim e w en t on, he m u st have b een in creasin g ly tak en away fro m his w o rk for n o n -sc ie n tific d u ties. H e was a P ro fesso r at th e K aro lin sk a o n w a rd s he w as C h a irm a n o f the K n u t and A lice W a llen b e rg F o u n d a tio n . F ro m 1965 to 1971 he was a V ic e -P re sid e n t of th e In te rn a tio n a l U n io n o f P hysiological Sciences.
E u le r b ecam e an h o n o ra ry m e m b e r of m any learn ed societies. In E n g la n d he w as an h o n o ra ry m e m b e r of the th re e societies th a t he had often a tte n d e d in earlier years: th e Physiological Society, th e B ritish P harm aco lo g ical S ociety and th e S ociety for E n d o crin o lo g y . H e becam e an H o n o ra ry Fellow of th e Royal S ociety of M ed icin e, and in 1973 he was elected to th e F o re ig n M e m b e rsh ip of the Royal Society. In 1978 he was jo in t H o n o ra ry P re sid e n t of th e F o u rth In te rn a tio n a l C atech o lam in e S y m p o siu m , held in A silom ar, C alifornia.
In 1981 E u le r gave th e C iba F o u n d a tio n L e c tu re in L o n d o n . In 1980 he was S h e rrin g to n L e c tu re r at L iv erp o o l U n iv e rsity , and in 1972 he was D ale L e c tu re r and M e d allist at th e Society for E n docrinology.
E u le r received th e G a ird n e r P rize in C anada in 1961, the Ja h re P rize in N orw ay in 1965, th e S touffer P rize in the U .S .A . in 1967, in G e rm a n y the C arl L u d w ig M ed al in 1953 and th e S ch m ied eb erg P la q u ette in 1969, and in Italy th e M a d o n n in a P rize in 1970.
In 1970 In 1930 E u le r m a rrie d Jan e S o d e n stie rn a ; th e re w ere fo u r c h ild ren , tw o d a u g h te rs and tw o sons. T h e e ld e r son, D r L eo von E u le r, b o rn in 1931, settled in th e U n ite d States; he is now Science A d m in is tra to r at th e N atio n al In s titu te s of H e a lth , B ethesda, M a ry la n d . T h e second son, D r C h risto p h e r von E u le r, b o rn in 1933, is an a n a esth etist at th e H u d d in g e H o sp ita l, n e a r S to ck h o lm . T h e e ld e r d a u g h te r, U rsu la , b o rn in 1941, an a rt h isto ria n w ith a special in te re st in S w edish 18th c e n tu ry fu rn itu re , lives in S w eden. T h e y o u n g e r d a u g h te r, M arie, b o rn in 1943, is a b iochem ical e n g in e e r at th e H o w a rd F lo rey In s titu te in M e lb o u rn e , A u stralia. I am in d e b te d to D r L eo von E u le r for th is in fo rm a tio n .
A fter his first m arriag e was dissolved, E u le r m a rrie d C o u n te ss D a g m a r C ro n s te d t in 1958. 
